\Veasuring the Fraction of CO2 in Air
with Fourier Transform Infrared Spectroscopy
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Objectives

1o measure the fraction of CO, in air

1o measure and understand the absorption spectra of N, CO, and air
(aggregation of atmospheric gases)




1 heory

N the mid-infrared region of the
clectromagnetic spectrum, molecules apsoro
ignt througn the Interaction petween the
onotons and the vibrating electric dipoles of
the molecule.

N FTIR, a beam carrying many frequencies
rradiates a sample. Ve measure now mucnh
Of that beam Is absorpbed and transmitted by
the sample.

WIth the transmission and ansornance
spectra, we can identity the molecules in the
sample.

Bending (torsion)

Bending (swinging)

Vibrational modes of molecules
Nttp://brussels-scientitic.com/?p=59/5



http://brussels-scientific.com/%3Fp=5975

General Setup
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Ihe FTIR Is based on the Michelson interferometer. A multimode laser transmits light on
the peamsplitter, which splits the light into two beams. [he first beam hits the stationary
Mirror and transmits to the detector through the gas cell. [he secona beam travels to
the scanning mirror. By translating the scanning mirror, different wavelengtns in the
Deam are selected to pass through the gas cell. The detector records the interaction ot
the beams with the molecules (interferogram) in the gas cell and sends the information
to a computer for Fourier Iransform analysis.




Nethod: Data Collection
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Interferogram captured with no gas cell, and the 1R flushed with N,,. We

oroceed to capture interferograms where the gas cell Is in place, flushead
with N, CO,, and air, all with FTIR flushed with N,



\Vethod: Data Analysis
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Normalization spectra, collected with a tflushed N, cell. Mertz correction was
applied to smooth noise from from the rourier [ranstorm. [he intensity of this
spectra Is used to calculate the transmittance and absorbance spectrums for

N, CO, and air with the Beer-Lambert Law.

|

fransmission: T = — Absorbance: A = —logT
0




Nethod: Mertz Correction
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Comparison of spectra with and without Mertz correction. The Mertz
correction method modulates the spectra with a triangular signal, to

smooth out rMnging with taking the rourier transform of the interferogram.
1he spectrum with the Mertz correction Is smoother and less noisy.



Results: Spectrums of CO,
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(@) Transmission spec

ra O

- CO,. (b) Absorption spectra of CO,. We see a strong peak arouno

2350 cm™', which is where CO,, absorbs. Hence, the FT

cell ot CO,,.

= has identified the CO,, In our gas



Results: Spectrums of Alr
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(@) Transmission spectra of air. (b) Absorption spectra of arr. We see a weak peak
around 2350 cm™', which is where CO,, absorbs. Hence, the FTIR has identified the
CO, inour gas cell of air




Results: Spectrums of N, (control]
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(@) Transmission spectra of N,. (o) Absorption spectra of N,. We that N, does not
absorb at 2350 cm'. This spectrum is very similar to that of air, since airis ~ /5% N..




Results: Summary

Violecule \Vieasured =xpected
Wavenumber [cm] Wavenumber [cm]
CO, 2352 + 27 2302
Violecule \Vieasured =xpected
Fraction [%)] Fraction [%)]
CO, inair S+ ] 0.04




Conclusions

— 1R Is a usetful tool for the identification of molecules In gas samples

Lineshape characteristics (width, tail) in FTIR spectrums can be used to infer
the type of molecular movements and interactions in the sample

NVeasurements of gas cells are limited by the thoroughness of tflushing




